Abstract-New results are reported that facilitate and improve trajectory reconstruction algorithms in Positron Emission Tomography. By applying the ab initio methods to common e + M systems, we address (1) positron range effect in biological tissue and (2) the distribution of non-collinear effect in annihilation γ trajectories. To that aim, a suite of ab initio programs is developed that treats (Np p, Ne e, e + ) on the same footing including the total spin of the system. Bound-state energies, annihilation rates and momentum distributions have been computed with the accurate MRD-CI methods for several prototype biological molecules. In addition, related data available in the literatures are shortly summarized and reviewed. While many of recent PET improvements elaborate on detectors and TOF measurements, this work deals with PET resolution limits on the side of the measured system. Index Terms-PET image reconstruction, positron, positronium, annihilation rate, center-of-mass momentum distribution.
I. INTRODUCTION
T HE instrumentation for PET imaging in medicine has undergone intense development over the last two decades. At present, PET is commercially used for imaging brain tumors, detecting the prostate cancer etc. Being superior in concentration sensitivity and lacking behind in image resolution before, PET has changed as many restrictions on the detector side and image processing were lifted. Further improvements challenge the annihilation dynamics and kinetics in the biological environment of the imaged system.
The present work adds to the subject by enhancing the MRD-CI suite of algorithms for electron-positron systems and computing crucial data for positron binding and annihilation [1] . The typical parameters are summarized in Table I .
II. METHODS
The methods discussed in this work are (1) the image backprojection algorithm itself and (2) the ab initio methods to Fig. 1 .
A. Determinants of PET resolution
The present quantum chemical treatment is based on ab-initio calculations of mixed positron-electron systems in adiabatic formalism by the multi-reference single-and double-excitation space configuration interaction method (MRD-CI) [1] implemented with the GRID technology. The MRD-CI algorithmspecific parameters are provided in Table I .
B. Positron Energy Deposition
The positron is formed in-vivo by the β + decay of specific nucleotides marking the biomolecules of interest. energy bounded by E m is deposited to the tissue molecules according to Bethe-Bloch formula for −dE/dx in series of ionization events. Thermalization occurs within a distance of approx. 0.5 − 5 mm, depending on the source radioisotope. The probability of in-flight annihilation
is below 5%, since the e + /e annihilation cross section σ f decreases rapidly with energy.
C. Effects of Binding and annihilation on PET resolution
The positron annihilation modes other than in-flight include direct recombination with molecular electrons or positronium (Ps) formation in 1 S or 3 S states, whether bound to the positive molecular ion M + or not. The resulting range of e + e − centerof-mass (CM) annihilation momentum q translates in uncertainty on the source point of the two annihilation γ photons that are detected in coincidence during PET measurements. It has been recognized that with an appropriate model of scatter and spatial effects including non-collinear trajectories, PET degradations in resolution may be largely overcome by means of signal processing [4] .
The accuracy of image reconstruction is facilitated by including time-of-flight information as well as positron range and photon non-collinearity in GEANT4 simulations. In order to trace processes and objects on the level of PET resolution, the CM distribution should be known as precisely as possible. This in turn depends on the environment, i.e. water and variety of organic molecules. In particular, the molecular ionization potential I determines whether e + can bound to M or not. Based on the details of the electronic structure, either bound Ps/M + formation, locally bound or dipole-bound e + /M regimes occur [5] .
The electronic structure is found in CI calculation with single-positron hamiltonian,
where h e (i) denotes the kinetic energy term of electron i plus its electrostatic energy in the field of nuclei; dtto h p (p) for positron. Electron-positron distance is labelled with r pi and electron-electron separation with r ij . The total wave function is expanded in products of N -electron and 1-positron configurations and its coefficients are found in the diagonalization of the CI matrix. If the relative rate and their specific momentum distributions for each environment are included in the backprojection algorithms for ring of diameter D, the limit on image reconstruction resolution can decrease by (1) range of positron in tissue (0.5mm -5 mm) and (2) non-collinearity effect (αD/2, where 0 < α < α m = 2 arcsin (E m /2) is the mean deflection angle). III. RESULTS Table II shows the positron affinity and CI energy for several prototype biological molecules. We also compute the momentum distributions for these system from the wavefunctions obtained in the same calculation [6] . A complementary study of atomic substitutions, such as fluorination of hydrocarbons, is also in progress.
The effective blurring of a square perpendicular to the detector line is shown in Fig. 2 . The implementation of different environments in the backprojection algorithms will also be discussed in the conference.
IV. CONCLUSION
We have determined positron binding, electron-positron wave functions and annihilation center-of-mass momentum distribution rates for several biologically relevant environments. Based on these data, the PET resolution may improve by the range of positron in tissue and size of the non-collinearity effect.
